The tobacco industry has challenged new FDA rules restricting outdoor tobacco advertising near schools and playgrounds on First Amendment grounds, arguing that they would lead to a near complete ban on tobacco advertising in dense urban areas. Results: 22% of retailers in Missouri and 51% in New York fall within 1000-foot buffers around schools. In urban settings, more retailers are affected, 29% in St. Louis and 79% in New York City. Sensitivity analyses demonstrate that smaller buffers decrease the proportion of affected retailers. That is, 350-foot buffers affect only 6.7% of retailers in St. Louis and 29% in New York City.
Introduction
T he National Cancer Institute (NCI) summarized the evidence on tobacco use and tobacco marketing and concluded that "the evidence base indicates a causal relationship between tobacco advertising and increased levels of tobacco initiation and continued consumption" and that even brief exposure to tobacco advertising influences adolescents' attitudes and perceptions about smoking as well as their intentions to smoke. 1 Although tobacco advertising has been banned in TV, radio, billboard, and transit ads, youth are still routinely exposed to tobacco advertising at the point of sale (POS). [2] [3] [4] In fact, 85% of youth reported exposure to POS advertising, 5 and reducing adolescents' exposure to POS tobacco marketing is a new objective of Healthy People 2020. 6 The new Family Smoking Prevention and Tobacco Control Act (FSPTCA) 7 granted the U.S. Food and Drug Administration (FDA) specifıc regulatory authority to restrict the sale, distribution, accessibility, advertising, and promotion of tobacco products "consistent with and to the full extent permitted by the fırst amendment to the Constitution" (Title 1, Sec 906(d)(1), pg. 54). The FDA has asked for public comment on rules governing out-door cigarette and smokeless tobacco product advertising, and is particularly interested in the impact of banning advertising at various distances from schools (e.g., 350 feet or 1000 feet). FDA is required to reissue rules from 1996, taking into account recent legal rulings related to regulation of tobacco advertising, including Massachusetts's unsuccessful attempt to ban cigarette and smokeless tobacco product advertising within 1000 feet of schools. 8 The tobacco industry has formally stated that if an advertising ban were implemented within 1000 feet of schools and playgrounds, "In many, if not most, communities, this would be tantamount to a general ban, for there would be virtually no outdoor location that could escape the rule's prohibition (p. VII-243). 9 They presented data from more than a dozen large U.S. cities showing that 85%-95% of the land area would be offlimits to tobacco advertising. 9 Under the Central Hudson test for restricting commercial speech, the restrictions need to be "narrowly tailored" to avoid running afoul of First Amendment speech protections. 10 In a new lawsuit, the industry argued that the 1000-foot ban was not narrowly tailored and, therefore, unconstitutional (Commonwealth Brands, Inc. v. United States of America). 8 The only estimates of the potential impact of the 1000-foot ban are those generated by the tobacco industry for litigation. In this study, the goal is to examine how the FSPTCA rules banning outdoor ads near schools and playgrounds would affect retailers who would be prohibited from displaying outdoor tobacco advertising in two states, New York and Missouri. The specifıc research questions are (1) How does the ban on ads near schools and playgrounds affect retailers in more densely populated urban areas compared to more rural areas? (2) Are most outdoor point-of-sale ads completely banned in urban areas because of store proximity to parks and playgrounds? and (3) How do the various restriction zone distances ranging from 350 to 1000 feet affect retailers?
Methods

State and Community Selection
To examine the effects on retailers of the proposed FSPTCA advertising restrictions, a GIS spatial analysis study of two different states (Missouri and New York), along with more detailed analyses of two urban areas within those states (St. Louis and New York City), were conducted. Missouri and New York were chosen because they have a good mix of urban, suburban, and rural areas and have good data available on tobacco retailer locations from retailer licenses, and to replicate earlier retailer analyses conducted by the tobacco industry in New York City. In addition to retailer and statewide school address point data, GIS shapefıles for parks and St. Louis City/County and New York City schools were obtained. The shapefıles allow mapping of the actual park and school boundaries. School perimeter data were available for the two urban areas, but not statewide. There were no readily available shapefıles for playgrounds, so a more conservative measure of the full park rather than just the playground area inside the park was used. Rural and urban designations were based on updated 2000 Census data contained in ESRI's ArcMap 9.3.
Data Collection and Management
All data were entered into ArcMap 9.3 for GIS analysis. The impact of the FSPTCA 1000-foot ban on retailers was assessed using a proximity analysis. For St. Louis City/County and New York City, buffer zones of varying distances (350, 500, 1000 feet) around all local parks and parcels containing schools were constructed. The count and percentage of tobacco retailers falling within these buffers were then calculated. To perform the statewide analyses (where actual perimeter data were not available), radial buffers were constructed around the school address center points to approximate the perimeter buffers (see below).
Results
The primary purpose of this paper was to collect and analyze GIS data to assess the potential impact on retailers of banning outdoor cigarette and smokeless tobacco advertising within a certain distance from schools under the 2009 FSPTCA.
Regional Analyses of New York City and St. Louis City and County for 1000-ft Zone
Parcel data marking the exact perimeter boundaries of schools were available for St. Louis and New York City. This allowed construction of exact 1000-foot buffer zones around each school. Figure 1 displays the school and park buffer zones for St. Louis and New York City, with tobacco retailer locations marked individually. Spatial analysis was conducted to assess which retailers fell into the 1000-foot buffer zones for St. Louis and New York City (Table 2 ). Approximately 29% of retailers would be affected by school boundary zones in St. Louis, whereas 79% of retailers would be affected in New York City. The percentages increase when parks are included, to 43% and 81%, respectively. However, the data used here are perimeters for entire city and county parks. The original 1996 FDA restrictions called for 1000-foot boundary zones around playgrounds. Most playgrounds exist within parks, and the playground restriction zone would in nearly all instances be smaller than the restriction zone around the park perimeter. Therefore, it is best to interpret the numbers presented in Table 2 as potential ranges of the retailer effects-the school-only number is a lower bound, while the school and park total number is an upper bound. Therefore, in St. Louis, anywhere from 29% to 43% of retailers would be expected to be affected by a 1000-foot advertising restriction. A higher proportion of retailers would be affected in New York City because of its much greater urban density and greater percentage of commercial zoning. In New York City, 79%-81% of retailers would be affected by a 1000-foot advertising ban. 
Alternative Boundary Analyses for Urban Areas
A sensitivity analysis of the current GIS data was conducted to determine what might happen in urban settings if the buffer were reduced to 500 feet (the distance tobacco companies agreed to ban billboard tobacco advertising near schools and playgrounds in the Voluntary Cigarette Advertising and Promotion Code) or 350 feet (distance proposed as a possibility by the FDA). The reduced buffer analyses are presented in the middle and right-hand columns for each city in Table 2 . The reduced 500-foot buffer lowers the proportion of retailers in St.
Louis to between 11% and 20% and between 44% and 48% in New York City. The 350-foot buffer would affect between 7% and 12% of retailers in St. Louis and 29%-33% of retailers in New York City. Table 3 shows how retailers are affected across the fıve boroughs. Staten Island has the lowest population density, and its estimate of school boundary retailer percentage (52%) is more similar to St. Louis than any of the other boroughs.
In addition to examining the proportion of individual tobacco retailers affected by the proposed advertising restrictions, a calculation was made of the proportion of commercially zoned land area that would be subject to the restrictions. Using zoning data provided by St. Louis and New York City Planning Departments, it was determined that 20.2% of commercially zoned land area would be affected by the 1000-foot school and park buffers in St. Louis City and County, whereas 56.8 % of the commercially zoned area would be affected in New York City.
Statewide Analyses
City-level analyses described above take advantage of comprehensive "gold standard" data with school parcels that allow analysis of restriction zones that would match Note: The original 1996 Food and Drug Administration policy banned outdoor advertising near playgrounds and playground areas in parks; given the lack of GIS playground data, boundaries for parks were used. exactly how the advertising restriction would be implemented (i.e., 1000-foot buffers that are drawn from the perimeter of the school property). Unfortunately, neither New York nor Missouri have school perimeter parcel data available for all schools in the state. However, accurate geocoded school address data were available that allowed us to locate the center point of every school based on its address. A simulation was conducted to determine whether adjusted buffers around the school points that would approximate the real or gold standard 1000-foot perimeter buffers could be drawn (see Figure 2 ). Circular buffers around each school point were drawn with varying radii, and the retailer percentages in St. Louis and New York City using the circular buffers were compared to the real perimeter buffers (Table 4 ). For St. Louis, a 1250-foot circular buffer obtains retailer percentages most closely matching the real perimeter percentages (28.0% compared to 28.6%). For New York City, a 1150-foot buffer produces the closest match (78.2% compared to 78.6%). These circular point buffers were used as best estimated proxies for perimeter buffers for the statewide analyses. This approach is superior to simply computing how many retailers are within 1000 feet of a school address point because the FDA policy would ban ads in the zone around the perimeter of the entire school property, not just around the school address center point. Table 5 displays the results of the statewide analyses, using these adjusted buffers. Using the same interpretation approach as before, across the state of Missouri at least 22% of retailers would be expected to be affected by the school boundary restrictions, ranging up to approximately 29% when including playgrounds (left side of Table 5 ). New York's numbers are higher, a little more than half (51%) of retailers would be included in the school restriction zones, ranging just a little higher (57%) when playgrounds are included.
The city analyses (especially New York City) suggested that a greater percentage of retailers are potentially affected in denser urban areas. Table 5 also presents statewide results broken down by urban versus rural classifıcation. Schools are much more spread out in rural areas, and there is much less commercial zoning. For both states, fewer than 20% of retailers in rural areas are affected by 1000-foot school boundary restrictions. On a percentage basis, the above results suggest that 2.5 to 3 times as many retailers are affected in urban areas compared to rural areas.
Given this stark difference between urban and rural areas, a "hybrid" approach was tested with different buffer zones for rural (e.g., 1000 feet) and urban areas (e.g., 500 feet). The effects of this hybrid policy (1000-foot rural, 500-foot urban) were tested using the same simulation approach described above, and resulted in a reduc- tion in the proportion of retailers affected (see right side of Table 5 ). In New York, the proportion of retailers affected by the school boundaries would go from 51% to 27.3%; in Missouri the proportion is reduced from 21.8% to 11.4%. Thus, a hybrid urban/rural policy might help avoid constitutional issues for very densely populated areas such as New York City, but it would still have the effect of weakening the policy dramatically for many other parts of the country.
Discussion
The GIS analyses of Missouri and New York tobacco retailer data indicate that new FDA advertising restrictions have the potential to reduce the amount of outdoor tobacco advertising, which should result in reduced youth exposure to tobacco advertising. Within 1000 feet of schools, it is estimated that approximately 22% of retailers in Missouri would be affected, 51% in New York.
The results also suggest that in densely populated urban settings, more retailers will be affected by the advertising restrictions. In some very densely populated areas such as Manhattan, more than 80% of retailers would be affected. Although the current analyses were conducted in two states, they are believed to have generalizability to other states, including more urban ones. For example, the U.S. is 2.5% urban; Missouri is similar to this average (2.7%), whereas New York is nearly triple the national average (7.2%).
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FDA has been considering weakening the proposed advertising restriction rule, including reducing the restriction perimeter to 350 feet around schools (about one city block). The current sensitivity analyses suggest that smaller buffer sizes in urban areas would certainly lower the proportion of retailers affected by a ban near schools (from 79% for a 1000-foot buffer to 29% in New York City for a 350-foot buffer). However, in St. Louis a restricted buffer of 350 feet around schools ends up affecting only 6.7% of tobacco retailers. So weakening the restrictions for all U.S. communities to address a small number of very densely populated settings such as New York City may result in a policy that does little to reduce outdoor advertising in much of the rest of the country. A more appropriate approach balances the negative consequences of exposure to outdoor cigarette advertising on youth with allowing the tobacco companies to communicate to their adult consumers. One possible option considered here was a hybrid policy that would have a smaller buffer for urban retailers compared to rural retailers. However, the results show that fewer than 12% of retailers would be affected in Missouri. The hybrid option would not appear to adequately reduce outdoor retail tobacco advertising for much of the U.S. It is critical to point out one subtle, but important, difference between the analysis that the tobacco industry conducted and the analysis presented here. Their analyses focused on the percentage of land area off-limits to tobacco advertising (see page VII-244). 9 In this study, the number and proportion of retailers affected were calculated, not the land percentage. The number of retailers affected, not the land area, is the more appropriate metric to use when making policy decisions. First, the "realworld" regulatory impact is felt by people and businesses, not by land. Second, tobacco retailers are clustered in commercial zones and showing that a high percentage of all land is unavailable for advertising under outdoor advertising bans overstates the impact of the policy. A key question is not what percentage of land is off-limits under an advertising ban, but rather, what is the additional or incremental impact of an advertising ban given existing zoning regulations.
There are at least four unanswered policy research questions that need to be addressed in future work:
First, although the results presented here speak to the number and proportion of retailers affected by various advertising restriction zones, the fınal distance has not yet been decided on by the FDA. There is no national census of existing outdoor cigarette and smokeless tobacco advertising currently available that allows us to precisely estimate how much advertising would actually be removed around schools and/or playgrounds or parks. Past studies have shown that there are more exterior cigarette ads near schools 12, 13 and more ads where kids shop.
14 Using the retailer estimates produced here, an estimate of fıve outdoor ads per store (averaging the estimates from two studies), 13, 14 and assuming 543,000 retail outlets, 15 it is predicted that somewhere between 592,000 and 1.5 million pieces of advertising would be removed nationwide around schools with a 1000-foot boundary policy (using conservative estimates from Missouri and liberal estimates from New York). Ideally, retail tobacco industry marketing surveillance systems should be developed, as recommended at a National Tobacco Monitoring, Research, and Evaluation Workshop. 16 Second, there are limitations associated with commercial geocoding of both the tobacco outlets and the schools. The latest address lists provided by government agencies were used here; however, it was not possible to geocode all retailers, despite using a professional geocoding service. This underscores the need for enforcement agencies to have better store location data, perhaps collecting the exact store latitude and longitude using GPS during compliance checks. Geocoding has errors 17 and the geocoded address may not correspond exactly to the actual store location. It is not known how either of these geocoding issues affects these results, but it is possible that the non-geocoded stores could be similar to the geocoded ones and that any locational errors cancelled each other out.
Third, the inclusion of restriction zones around playgrounds remains very diffıcult to assess given existing data sources. Most GIS data available to communities provide information about the size of parks and park land, but not necessarily playgrounds. Small buffers around playgrounds within larger parks may result in restriction areas that never include commercially zoned property. Given the high level of park usage by youth, FDA may consider expanding the playground ban to include a park ban.
Finally, conducting this study has made it clear that there will be a number of challenges for states and communities in implementing and enforcing any fınal FDA advertising regulations. In particular, the quality and availability of tobacco retailer location data and school and playground parcel data vary from state to state and community to community. Further policy research and extensive technical assistance will be needed to help states and communities implement and administer these policies.
Tobacco advertising reaches children and adolescents in a variety of ways. Given the effectiveness of tobacco advertising, efforts to restrict the exposure of young people to tobacco advertising is an important health policy goal. The current health policy analyses suggest that weakening of outdoor advertising policies may result in phantom policies that do little to reduce youth exposure to tobacco product advertising.
